Cotrimoxazole (trimethoprim/sulfamethoxazole [TMP-SMX]) is an alternative treatment for toxoplasmic encephalitis because it is inexpensive, well-tolerated, and as effective as pyrimethamine-sulfadiazine, which is the firstline drug regimen). We report results of a large cohort study of patients with acquired immunodeficiency syndrome who were treated for toxoplasmic encephalitis with cotrimoxazole. The mean follow-up period was more than three years. Our results confirm that cotrimoxazole is effective (85.5%), with a relatively low incidence of side effects (22%; 7.4% requiring treatment interruption). Relapse occurred in 30.1% of the patients at a mean ± SD of 7.8 ± 16.2 months after the first episode. The only risk factor for relapse was poor treatment and/or prophylaxis adherence. Mortality was significantly higher ( P < 0.05) before 1996 than after 1996 (the era of highly active antiretroviral therapy). There was a non-significant trend towards a higher rate of relapse among patients treated before 1996 ( P = 0.06). Consequently, cotrimoxazole could be a first-line drug regimen for curative treatment and prophylaxis of toxoplasmic encephalitis.
INTRODUCTION
Despite highly active antiretroviral therapy (HAART), toxoplasmic encephalitis (TE) remains the most frequent neurologic opportunistic infection in patients with acquired immunodeficiency syndrome (AIDS). The prevalence of TE equals the prevalence of antibodies to Toxoplasma gondii and was estimated in the late 1980s to range from 3% to 10% in patients with AIDS in the United States and from 25% to 50% in patients with AIDS in Europe. 1 More recently, a cohort in Italy showed an overall prevalence of 26% in patients with AIDS. 2 Since the early 1990s, the standard treatment for TE has been a combination of pyrimethamine-sulfadiazine (PYR-SULF), which is effective in 75% 3 to 89% 4 of cases. However, treatment with PYR-SULF has numerous limitations, including poor tolerability (particularly for sulfadiazine), the large number of pills needed, unavailability in some countries, high cost, and lack of an intravenous form. Alternative therapies such as the pyrimethamine-clindamycin (PYR-CLIN) and trimethoprimsulfamethoxazole (TMP-SMX or cotrimoxazole [CTX]) have been used. Cotrimoxazole appears to be a promising drug because it is inexpensive and widely available. Its efficacy has been shown in animal models and in primary prophylaxis in humans. This drug is available in a parenteral form, and its diffusion into the central nervous system is excellent. Uncontrolled studies show a clinical improvement in 71-100% of cases. The largest study was a retrospective study of 71 patients in Italy, in which 62 patients (87%) showed improvement and only 7 had to stop taking CTX because of side effects. 5 Only three randomized studies have compared these treatments. Dannemann and others 3 and Katlama and others 6 compared PYR-SULF and PYR-CLIN, 3, 6 and Torre and others 7 compared PYR-SULF and CTX. 7 None of these studies showed a significant difference in efficacy. 8 However, Torre and others observed better tolerability with CTX than with PYR-SULF. 7 Because of the poor tolerability of PYR-SULF and given the good results of studies in Italy, CTX has been prescribed as first-line treatment for TE in Martinique since 1994. We report the results of a large cohort study conducted during 1994-2006.
PATIENTS AND METHODS
AIDS patients with a first episode of TE who came to the Fort de France University Hospital in Martinique, French West Indies, from January 1994 through December 2006, were enrolled in an observational study. Inclusion criteria were seropositivity for HIV, symptoms of TE (fever, headache, or neurologic manifestations), computed tomography (CT) findings compatible with TE, and consent to be treated with CTX. A total of 112 patients were included, but 29 patients had to be excluded because they had also received another treatment (even if for only one day). A total of 83 patients were studied. All patients had a CT scan on admission and two weeks later. All the patients were tested for IgG antibodies to Toxoplasma spp. No brain biopsies were performed.
Patients were treated with a TMP plus SMX at a fixed ratio of 1:5 given orally (intravenously in case of coma). If treatment was initially given intravenously, the transition to oral therapy was made with the same dose after clinical improvement (3-5 days). The initial dosage of TMP-SMX was 10-50 mg/kg/day, or 15-75 mg/kg/day if vigilance was altered until clinical improvement (usually 3-5 days), then 7.5-37.5 mg/kg/ day. After 4-6 weeks, curative treatment of TE was stopped and TMP-SMX (160/800 mg once a day) was given for secondary prophylaxis. Adverse reactions were exhaustively reported, whether or not CTX therapy was stopped.
Improvements were defined clinically and by CT scan. Clinical improvement corresponded to more than a 50% improvement in neurologic findings after two weeks of treatment. Improvement on a CT scan corresponded to more than a 50% decrease in the size or number of brain lesions after two weeks of treatment. If patients were clinically improved but did not show improvement by CT scan, they were considered to have treatment failure.
Effectiveness of CTX was defined by a clinical improvement and by treatment completion. Inefficacy of CTX was recorded when there was no clinical improvement or when CTX had to be stopped because of side effect, even at the end of initial treatment or when the patients were improved. These definitions of improvement and efficacy were used to distinguish the doctors' viewpoint (clinical and radiologic improvement) and from patients' viewpoint (clinical improvement and tolerability).
Proportions are expressed as percentages and as ratios because some clinical and radiologic data were lacking. All statistical analyses were performed using SPSS version 13.0 software (SPSS Inc., Chicago, IL). Categorical variables were compared using the chi-square test or Fisher's exact test, and non-categorical variables were compared using the Wilcoxon rank sum test for variables were not normally distributed. Probabilities of survival and relapse were estimated by the Kaplan-Meier method. The log rank test was used to compare differences between patients treated before and after 1996. Data are expressed as means and standard deviation.
RESULTS
Characteristics of patients when TE was diagnosed are summarized in Table 1 . All patients were positive for IgG antibodies to Toxoplasma spp. A total of 74.7% (62 of 83) were positive before diagnosis of TE or at the time of diagnosis of TE and 25.3% (21 of 83) were positive within one month after onset of TE. Steroid therapy was prescribed to 14 patients. Improvement was observed in 77 (92.8%) of 83 patients. Side effects appeared in 18 patients (22%) but only 6 (7.4%) patients had to stop taking CTX. Side effects are summarized in Table 2 . Cotrimoxazole was effective in 71 patients (85.5%).
Among six patients who did not show improvement after receiving CTX, one was lost to follow-up (he left the hospital on the day of admission), one committed suicide one month after admission (CT scan showed an improvement), two died of Pneumocystis carinii pneumonia 4 days and 21 days after admission, one died of bacterial pneumonia 8 days after admission, and one patient died of wasting two months after admission. Among the six patients who had to stop taking CTX, four had toxiderma and two had pancreatitis. However, they improved clinically and radiologically and were cured of TE. At the end of the study, four of these six patients had died, but the time from admission to death was not different between those who stopped taking CTX and those who did not (mean ± SD = 12.3 ± 10.0 months versus 22.7 ± 27.8 months; P not significant), and the duration of follow-up after toxoplasmosis was not different between those who stopped taking CTX and those who did not (11.3 ± 10.0 months versus 22.0 ± 28.0 months; P not significant).
Relapse occurred in 25 patients (30.1%), and 11 patients (13.3%) had more than one relapse, for a total of 40 relapses in the cohort. The mean ± SD interval between the first episode and the first relapse was 7.8 ± 16.2 months, and the overall interval between two episodes or relapse was 8.5 ± 14.7 months.
In patients with relapses, the mean ± SD CD4 cell count was 35.6 ± 31.5 cells/mm 3 . Cotrimoxazole was used to treat 81.6% (31 of 38) of the relapses and treatment was effective in 90.9% (30 of 33) (95% confidence interval [CI] = 81.1-100). Side effects occurred in 17.1% (6 of 35) of the patients (95% CI = 4.6-29.6), but only required treatment discontinuation in 6.3% (2 of 32) of the patients (95% CI = 0-14.7). Cotrimoxazole was effective on 92.9% (26 of 28) of the relapses (95% CI = 83.4-100) and other treatments were effective in 80% (4 of 5) of the cases (95% CI = 44.9-100) ( P not significant). The rates of adverse events were 13.8% (4 of 29) (95% CI = 1.2-26.4) with CTX and 33.3% (2 of 6) (95% CI = 0-71.0) with other treatments ( P not significant). Treatment had to be interrupted in 3.7% (1 of 27) (95% CI = 0-10.6) of the patients treated with CTX and 20% (1 of 5) (95% CI = 0-52.0) of the patients who received other treatments cases ( P not significant). Receiving a treatment other than CTX was associated with a higher rate of death during treatment (33.3%, 3 of 9) ([95% CI = 2.1-64.1) then being treated with CTX (3.2%, 1 of 31) (95% CI = 0-9.4) ( P = 0.03). Factors associated with efficacy of CTX and relapse are shown in Tables 3 and 4 and Figure 1 .
Historical, biological, and clinical factors were not associated with a higher risk of CTX inefficacy. Altered vigilance on admission was significantly associated with a lower risk of relapse. Moreover, patients with relapse had significantly shorter treatment periods than patients with no relapse (34.8 ± 14.1 versus 50.3 ± 19.1 days; P = 0.01).
The first episode of TE was the presenting feature of HIV infection in 26 (31.3%) of the 83 patients. Twenty patients (24.1%) were receiving CTX primary prophylaxis for TE. On admission, these 20 patients were asked about their adherence to CTX, and 18 (90%) of 20 said they had stopped taking the drug. After the first episode, all patients who had not died or were lost to follow-up were given CTX prophylaxis. Among the 20 evaluable of 25 patients who relapsed, 16 (80%) were non-adherent, 3 (15%) were adherent, and 1 (5%) was underdosed ( P < 0.001).
As the prognosis of HIV-infected patients improved drastically when HAART became available in April 1996, we studied the effect of HAART on the prognosis of TE in our cohort. Survival and relapse were compared between patients admitted before and after 1996, the year when all patients who needed HAART were effectively treated. Mortality was significantly higher in patients who had their first episode of TE before 1996 (hazard ratio = 1.94, 95% CI = 1.02-4.93, P < 0.05, by log rank test). However, early mortality (within a year after TE) was not different ( P = 0.2) before (13 of 19, 68.4%) and after 1996 (7 of 15, 46.7%). No difference was found ( P = 0.4) with respect to mortality within one month after TE. There was a non-significant trend towards a higher rate of relapse among patients treated before 1996 (hazard ratio = 2.09, 95% CI = 0.96-6.30, P = 0.06, by log rank test).
As of December 31, 2006, 34 (41%) patients had died, 8 (9.6%) were lost to follow-up, and 3 (3.6%) were being managed in another hospital. The mean ± SD follow-up period after toxoplasmosis was 36.1 ± 36.9 months in the whole cohort and 20.9 ± 26.1 months for the patients who died. Seventeen (50%) of the deaths were related to HIV. Other causes of death were stroke, hepatitis, suicide, septic shock, and undetermined. Among the 38 patients who survived, 35 (92.1%) were receiving HAART, two (5.3%) had their treatment interrupted, and one had not yet been treated. Twenty-five patients (65.8%) had undetectable viral load (< 50 copies/mL) and 26 (68.4%) had stopped their prophylaxis with CTX.
DISCUSSION
We studied TE in a large cohort of AIDS patients treated with CTX. Although this was an observational retrospective study, it confirms the efficacy and tolerability of CTX in this treatment. Cotrimoxazole was effective in 71 (85.5%) of 83 patients in the intention-to-treat analysis, which us consistent with the 28 (70%) of 40 reported by Torre and others. 7 Partial or complete resolution was obtained with PYR-SULF in three randomized studies: 16 of 33 (48.5%) reported by Dannemann and others, 3 117 of 147 (80%) reported by Katlama and others, 6 and 26 of 37 (70%) reported by Torre and others. 7 It should be emphasized that none of these studies classified cross-overs as failures. Patients who switched to the second treatment because the first treatment was not effective or well-tolerated were considered to have had a successful initial treatment if cured, favoring the less effective or less well tolerated treatment. This conclusion suggests that results if intention-to-treat are lower that indicated, particularly if one considers that onethird of the patients switched to the other treatment. 3, 6 The only randomized controlled study of CTX compared 40 patients receiving CTX (10-50 mg/kg of TMP-SMX) with 37 patients treated with PYR-SULF (50-60 mg/kg/day). 7 PYR-SULF and CTX were equivalent with respect to clinical (85.7% versus 83.7%) and radiologic efficacy (69.6% versus 72.9%). However, tolerability was significantly better in the CTX group (5 events versus 14 events in the PYR-SULF group).
A wide range of doses of CTX are reported to be effective for treatment of TE (6.6-20 mg/kg/day of TMP), with a constant TMP:SMX ratio of 1:5. 7, [9] [10] [11] Our study confirms that a low-dose regimen is effective for treatment of patients with TE. Moreover, CTX bioavailability is approximately 100% in critical and non-critical AIDS patients, and areas under the curve are similar with the intravenous and oral forms of CTX. 12 In contrast, Winstanley and others observed marked variations in pharmacokinetics of pyrimethamine, with serum levels less than the therapeutic range in some critically ill patients, which suggested that drug monitoring may be necessary. 13 Our study also shows that the prognosis is not impaired when CTX is poorly tolerated or has to be discontinued. Numerous studies also suggest that there are less adverse effects with CTX than with other treatments. Torre and others observed significantly fewer adverse effects in the CTX group than in the PYR-SULF group, but difference in serious adverse effects was not significant. 7 Our rates of side effects were relatively low (22%, 7.4% requiring treatment interruption), and are consistent with those of other studies of CTX. Francis and others reported no side effects in 20 patients, 11 and Torre and others 7 reported side effects in 22 (31%) of 71 patients, but only 7 (10%) required CTX to be discontinued. A recent study comparing TE treatment with CTX (n = 25) and PYR-SULF (n = 18) showed a trend ( P = 0.06) towards more frequent renal impairment in the PYR-SULF group. 14 Surprisingly, altered vigilance on admission was significantly associated with a lower risk of relapse. Patients with altered vigilance may have received parenteral therapy longer, with a longer hospital stay or a longer period of curative treatment, thus introducing a confounding bias. We failed to find a significant association with the length of parenteral therapy because of a lack of precise data, but the significantly shorter length of treatment in patients with relapse supports this hypothesis. If parenteral therapy or curative treatment is shorter in patients with normal vigilance and a high risk of relapse, this finding could increase the risk of non-compliance.
The mean follow-up of more than three years, the longest for a study of treatment with TE, enables detailed evaluation of long-term outcome (this long follow-up also explains the relatively high rate of relapse). One of the main results was that the only risk factor for relapse was poor adherence to treatment or prophylaxis. The survival curves show that the introduction of HAART influenced mortality but not the risk of relapse. Our data highlight the lack of influence of HAART on early mortality caused by TE. The non-significant trend towards a higher rate of relapse among patients admitted before April 1996 suggests that poor adherence is more important risk factor for relapse than is the absence of HAART. The relatively high rate of poor adherence could also be linked to the low economic status of our population. Finally, our study shows that CTX is still effective for treating relapses, even when it has been prescribed for prophylaxis.
Secondary prophylaxis with CTX has already been shown to be effective after treatment with PYR-SULF. 15 It is noteworthy that sulfadiazine intolerance, which is common, is not predictive of CTX intolerance. 15 A large cohort study compared risk factors for toxoplasmic encephalitis before (19,598 patients) and during (17,016 patients) the era of HAART. 16 Whatever the period, patients receiving CTX prophylaxis had a lower risk of TE (adjusted relative hazard ratios = 0.6 and 0.5, respectively, for the first and second period; P < 0.001).
Because CTX is inexpensive, effective, well-tolerated, and widely available in developing countries, it should be the first choice for curative treatment and prophylaxis of TE. This drug has already been shown to be useful in Côte d'Ivoire, where it lowered the rate of severe clinical events (death or hospital admission) in HIV-infected patients 7 and mortality in HIVinfected patients with tuberculosis. 18 
